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IS Abstract 
The effect of flight on the mean flow and turbulence properties of a
 
O.056m circular jet were determined in a free jet wind tunnel. 
The nozzle exit velocity was 122 m/sec, and the wind tunnel velocity 
was set at 0, 12, 37, and 61 m/sec. Measurements of flow properties 
including mean velocity, turbulence intensity and spectra, and eddy 




This report contains the raw data as obtained from the Saicor Model
 
SAI-42 Probability and Cross-Properties Analyzer and the Spectral 
Dynamics 301C Spectrum Analyzer and 302C Ensemble Averager. Graphical 
presentations of the data are also included. 
The final technical report, NASA CR-2949, includes a description
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PRATT & WHITNEY AIRCRAFT 
FOPE ORD
 
This report is a compilation of the turbulence and mean flow 
measurements obtained during Task VIII of Contract NAS3-17866. 
The companion final report, NASA CR-2949, includes a description
 
of the facilities used, the hot wire measurements, the significant
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INTRODUCTION 
The hot wire data measured during Task VIII of the program are 
nresented in this volume in graphical form according to the require­
ments of the -work plan. Hot wire measurements of local flow 
properties wdre made at each of the stations in Table 1. The hot 
wire measurements were divided into two categories according to 
whether a single probe or two probes were necessary to acquire 
the data. A single probe was used to measure mean velocity and 
turbulence intensity profiles, and its signal was analyzed to
 
provide frequency speczra and autocorrelations for selected points
 
in the shear layer. The signals from two probes were cross corre­
lazed for varying values of probe separation. The mean velocity,
 
turbulence intensity, and zurbulence spectra obtained from a
 
single probe are contained in Sections A to C and the autocorre­
lations and two probe data are contained in Sections D to G. The 




This section contains the mean velocity profiles plotted at 
constant tunnel velocity- at the required axial locations. 
Section B
 
This section contains the turbulence intensity profiles correspond­




This section presents the turbulence spectra at the maximum turbu­






This section contains the auto and cross correlations at each
 
exial station (see Table 1) with the various probe separations for
 




This section contains the selected filtered auto and cross cor­
relations.
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Section F
 
This section presents the normalized corss correlation coefficients
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TST -MATRIX 
The convergent nozzle (2.23 in. dia.) was operated at a nominal 
exit veloci-y of'400 fps, while -he tcunnel velocity was set at 
0, 40, 120 and 200 fps. The resulting values of the velocity 
ratio, m, defined as the wind tunnel velocity divided by the jet 
velocity, were 0, 0.1, 0.3 and 0.5. The various downstream 
measuremenT stations, normalized by the jet diameter, D, were 
selected for each velocity ratio as shown below:
 
TABLE 1 
Downstream Measurement Stations 
Velocity Ratio, Axial Measurement Stations, X/D 
M =Il 
i. 
0 3.0 5.0 ­
0.1 3.0 5.5 7.7 
0.3 3.0 6.8 9.5
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DATA ThDEX 
The d'te presented in Sections A through F Pre Prr.anged by the 
tunnel to jet velocity ratios, m. At the constant velocity ratio, 
data are presented in the ascending order of axial locations. 
For the two probe data, they are furrher arranged by the normalized
radial locations, R/D, (i.e., the "inner," "center," and "outer" 
of the jet shear layer where R is measured from the jet centerline) 
and by the increasing probe separation. 
The following index delineates the contents of the data compiled 
in this volume. The index is self-explanatory, listing the type 
of data, the tunne! to jet velocity ratios (m), axial locations 
(X/D), normalized radial locations (R/D), probe separations, 
and the page number.
 





0 3.0, 5.0 Al
 
0.1 3.0, 5-5, 7.7 A2 
0.3 3.0, 6.8, 9.5 A3 
0.5 3.0, 7.7, 12.1 A4 




0 3.0, 5.0 BI
 
0.1 3.0, 5.5, 7.7 B2 
0.3 3.0, 6.8, 9.5 B3 
0.5 3.0, 7.7, 12.1 B4 
*OlINtP
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C. Normalized Turbulence Soectra (Max. Turbulence Region) 
m 	 X Page 
0 	 3.0 Cl 
o 	 5.0 C2 
0.1 	 3.0 c3 
0.1 5.5 c4 
o0. 7.7 C5 
0.3 	 3.0 c6 
0.3 	 6.8 C7 
0.3 	 9.5 c8 
0.5 	 3.0 c9 
0.5 	 7.7 co 
0.5 12.1 	 C11
 
D. Auto and Cross Correlations 
m 	 x _ a X (in.) Page
D TD 
0 	 3.0 0.363 o.6 DI 
3.0 DI 
5.4 D6 
0.507 0.6 D8I3.0 D10 
I 5- )D12 
3.0 0.665 0.6 Di4
13.0 	 ni6 
5.0 0.304 1.0 D20 
6.0 D22 
1.0 D24 
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5.5 0.290 0.3 
0.1 5.5 o. h8L 
3.36.30.3 
3.3 
o 700 6.30.3 
3.3 
6.3 









'0.3 3.0 O.11-O 0.3 
i.8 
3.3 










0.658 / 0.33.3 
6.3 
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ZX R.. Ax (in.) Page 
4.L D136 
8.4 D138 
0.518 o.4 DI'O 
4.4 D142 
8. iDLl4 
0.5 3.0 0.4o1 0.2 D146 
2.2 D150 
0.)8 0.2 D152 
1.2 D154 
. . . . . . . . . . . .2 - --- - . D1 56 .. . . 
1.2 D16o 
2.4 D!62 








o.ki89 o.4 D178 
4.4 DI8o 
8.4 D182 








o.43i o.4 D196 
4.4 D198 
8.4 D200 
E. Filtered Auto and Cross Correlations
 
m X R AX (in.) Filtered Frequency Page 
f 5 
0.3 6.8 o.h 96 3.3 0.1 - 0.25 _lUz El 
0.25 - 0.63 iaiz E3 
0.63 - 1.60 KHz E54.6o 
- 4.oo E6nmHz 
PRATT & WHITNEVAIRCRAFT 
F. Normalized Cross Correlation Coefficients
 
M X R &X (in.) Page 
O 3.0 0.363, 0.507, c.665 o.6, 3.0, 5.4 20 5.0 0.30, 0.462, o.665 1.O, 6.o, 11.O R3 
0.1 3.0 0.381, 0.471, 0.687 0.5, 3.0, 5.5 FI0.1 5.5 0.290, o.'81, 0.700 0.3, 3.3, 6.3 F5 
0.1 7.7 -0.006, O.L62, 0.782 0.5, 3.0, 515 
 F6
 
0.3 3.0 0.410, 0.518, 0.608 0.3, 1.8, 3.3 
 F7
 
0.3 6.8 0.352, 0.96 0.658
, 0.3, 3.3, 6.3 F8
 0.3 9.5 -o.o45, 0.450, 0.518 0.4, 4.4, 8.4 F9 
0.5 3.0 O.lOI, 0.518, 0.586 0.2, 1.2, 2.2 Flo 
0.5 7.7 -0.101, 0.30k, 0.489 O.4, h.h;,8.4- pl
0.5 12.1 -0.118, 0.287, o.431 0.4, 4.4, 8.4 F12 
0.3* 6.8 0.496 3.3 2l3 
*Fil-ered Frequency: 0.1 - 0.25 KHz 
0.25- 0.63 Iqz 
0.63- !.6o filz 
1.60- 4.00 IHz 
8
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A. Mean Velocity Profiles
 
The mean velocities were obzained from the mean voltage 
signals from the radial probe. The voltage signals were 
read from a digital DC voltmeter and a calibration curve 
was used to dezermine the mean velocity from the voltage 
output. Plots of mean velocity versus normalized radial
 
position, R/D, are shown in Figures Al through A for the 
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B. Turbulence Intensity Profiles
 
The turbulence intensities were obtained from the fluctuating 
voltage signals from the radial probe. The voltage signals 
were proportional To the turbulence intensities which were 
read from an BMS AC voltmeter. Plots of turbulence intensity 
versus normalized radial position, R/D, are shown ±n Figures 
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PRATT & WHITNEYAIRCRAFT 
C. Normalized Turbulence Snectra
 
All turbulence spectra were normalized to the same relative 
level by subtracting the recorded attenuations from the raw 
data spectra. The frequency bandwidth for the 0-50 KHz 
spectra is 195 Hz, and the frequency bandwidth for the 0-20 
KfHz spectra is 78 Hz.
 
ORIGINAL PAGE IS 
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D. Auto and Cross Correlations
 
This section contains the raw data from the two probe corre­
lations. The probes were mounted on traverse mechanisms. The
 
upstream probe, denoted as probe "A", traversed radially, 
while the downstream probe, denoted as probe "B", traversed 
axially along the jet. The signals from probes "A" and "B" 
were analyzed to provide autocorrelations and cross corre­
lations for varying values of probe separation. Such
 
correlations are shown in this section. For each radial
 
location, the autocorrelarions of probes "A" and "B" are
 
presented first then followed by the cross correlation 
of probes "A" and "B". For each correlation, the velocity 
ratio (m), axial loca-ion (X/D), radial location (R/D),
 
and probe separation &X) in inches are listed on the bottom
 
center of the plots. Additional information necessary to
 




On the left top corner the attenuation of probes "A" and 
"B" are listed under (A Atten) and (B Atten), respectively. 
On the right top corner the increments of each unit on he 
time axis (X coordinate) in microseconds j sec. or 10-0 
seconds) are listed under sample increment (Sample Inc) 
wihere the origin of the time axi-s is listed under (Recomp 
Del) in terms of units from the lefT. On the vertical 
axis (Y coordinate), each unit is equivalent to 1. Other 
information, such as the word position (Word Pos) and resumes 
(Resumes) are also recorded. The word position refers to
 
the vertical scale expansion. A word position of 2-3
 
means that the displayed vertical scale was expanded by
 
a factor of 23 or 8, and therefore the actual level must be
 
multiplied by 1/8. Each resume increases the number of
 
data points in the ensemble average by an equal amount.
 
The procedure to calculate the cross correlation coefficients
 
using the preceding information is described in Section F.
 
In this section the signals from both probes were band­
pass filtered from 0-20 Kflz to remove a'spurious electrical
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PRATT & WHITNEY AIRCRAFT 
E. Filtered Auto and Cross Correlations
 
This section contains the filtered auto and cross correlations. 
Ln section D, all the signals were band-pass filtered from 
0-20 KHz. In this section the signals were band-pass filtered 
at the various selected frequency ranges as listed on the 
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PRATT & WHSTNEY AIRCRAFT 
F. Normalized Cross Correlation Coefficients
 
With the following definitions: 
AA = Charnel A attenuation for cross correlation 
AB = Channel 	B attenuation for cross correlation
 
AA'= Channel 	A attenuation for auto correlation 
AB'= Channel B attenuation for auto correlation 
RAB= peak cross correlation read from raw data chart 
RAA= peak autocorrelation read from raw data chart 
RBB= peak autocorrelation read from raw data chart 
WA, WB, WB= 	word position appropriate for autocorrelation A. 
autocorrelation B, or cross correlation AB 
2A B, B 	 resumes factor appropriate for autocorrelation A, 
autocorrelation Bi,or cross correlation AB 
A 




A10 10 AB WAB AB 
R = \2Aj/io -2A/ 
1 10 RAA WA (Aio RBB WB ?B 
The factor may be determined from Table F.l. 
Table F.1 






PRArT & WHITNEY AIRCRAFT 
Resume 
ft 1 
Normalized cross correlation coefficients are plotted for 
fixed velocity ratio, in axial position X/D, and radial 
position R/D as a function of probe axial separation. 
Sample Calculation 
The following caluclation was made for the firsz set of data 
in Section D; m = 0, X/D = 3, R/D = 0.363. AX = o.6 in. The 
data are contained on pages Dl (Autocorrelation A), 


























-2.7 -2.7 -4 
10 x 10 x 27.8 x 2 x I 
A 
Then RAB 5.4 -3 -5.4 -3 0.73 
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PRATT & WHITNEY AIRCRAPT 
G. Tabulat.on of Convection Velocmty
 
The convection velocity is determined by cross correlating
 
the fluctuating signals of two hot wires which are separated 
axially by a dfstance &X. Convection velocities are cal­
culated by dividing the separation&X by the time delay 
for the maximum cross correlation coefficient. A tabulation 
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